(51) International Patent Classification 5 : 




(11) International Publication Number: 


WO 94/06*26 


C07K 7/00, A61K 39/12 


Al 






C12Q 1/70 




(43) International Publication Date: 


31 March 1994 (31.03.94) 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) / 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




(21) International Application Nnmber: PCT/US93/08638 

(22) International Filing Date : 1 5 September 1 993 ( 1 5.09.93) 



(30) Priority data: 
946,054 



1 5 September 1 992 (1 5.09.92) US 



(71) Applicant: UNITED BIOMEDICAL, INC. [US/US]; 25 

Davids Drive, Hauppauge, NY 11788 (US). 

(72) Inventors: WANG, Chang, Yi ; 47 Snake Hill Road, Cold 

Spring Harbor, NY 11724 (US). HOSE1N, Barbara ; 196 
East 75th Street, New York, NY 10021 (US). 

(74) Agent: WILSON, M., Lisa; United Biomedical, Inc., 25 
Davids Drive, Hauppauge, NY 11788 (US). 



(81) Designated States: AU, CA, FI, JP, NO, European patent 
(AT, BE, CH, DE t DK, ES, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). 



Published 

With international search report 



(54) Title: NOVEL BRANCHED HYBRID AND CLUSTER PEPTIDES EFFECTIVE IN DIAGNOSING AND DETECT- 
ING NON-A, NON-B HEPATITIS 

(57) Abstract 

The present invention relates to novel branched peptides specific for the diagnosis and prevention of non-A, non-B hepati- 
tis (NANBH), as well as hepatitis C virus (HCV) infection. More particularly, the present invention is directed to branched syn- 
thetic substituted and hybrid peptides containing at least one epitope which is effective in detecting NANBH-associated antibod- 
ies in patients with NANBH using immunoassay techniques. In addition, this invention provides immunoassays and kits for the 
detection and diagnosis of NANBH or HCV infection using the subject peptides. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Stales party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. * 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BC 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


a 


Cote dlvoire 


CM 


Cameroon 


CN 


China 


GS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


FI 


Finland 



FR 


France 


CA 


Gabon 


CB 


United Kingdom 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


U£ 


Sri Lanka 


tu 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SB 


Sweden 


SI 


Slovenia 


sx 


Slovak Republic 


SN 


Senegal 


TD 


Chad 


TC 


Togo 


UA 


Ukraine 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 94/06826 



PCT/US93/08638 



NOVEL BRANCHED HYBRID AND CLUSTER PEPTIDES EFFECTIVE IN 
1 DIAGNOSING AND DETECTING NON-A, NON-B HEPATITIS 

The present invention relates to novel 
branching peptides specific for the diagnosis and 
5 prevention of non-A, non-B hepatitis (NANBH) , including 
hepatitis C virus (HCV) infection. More particularly , 
the present invention is directed to branched synthetic 
peptides containing at least one epitope which is 
effective in detecting NANBH-associated antibodies in 
XO patients with NANBH using immunoassay techniques. 

Further, the present invention is directed to synthetic 
peptides which are hybrids of the peptides described 
herein. 

Non-A, non-B hepatitis (NANBH) remains the 

25 most common form of post-transfusion hepatitis, imposing 
a_ strong need for sensitive and specific diagnostic 
screening methods to identify potential blood donors and 
other persons who may be carriers of the disease. Thus, 
accurate screening methods are needed to permit removal 

20 of contaminated blood and blood products from the blood 
supply with a high degree confidence. 

The etiological agent of NANBH, HCV, has been 
cloned and identified by several groups I Houghton et 
al. , EP 0318216, published 5/1989; OJcamoto et al. 

25 (1990) Jpn. J. Exp. Med. 60:167; Houghton et al. , EP 
0388232, published 9/1990; and Kato et al. (1990) Proc. 
Natl* Acad. Sci. USA 87:9524; Arima et al. (1989a) 
Gastroenteroloqia Japonica 24:540; Reyes et al. (1990) 
Science 247:1335; Arima et al. (1989b) Gastroenteroloqia 

30 Japonica 24:545; Maeno et al. (1990) Nucleic Acids Res. 
18:2685]. The HCV genome is about 10 kilobases (kb) in 
length and encodes a single polyprotein which is 
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^ processed into structural and non-structural proteins. 
From the N terminus, the polyprotein includes the capsid 
and envelope proteins of the structural region and the 
NS-1 to NS-5 proteins of the non-structural region. 
^ While some of the antigenic regions of HCV 

have been identified, peptides and recombinant proteins 
from these regions exhibit a variable degree of 
sensitivity and selectivity in detection and diagnosis 
of NANBH carriers. Antigenic regions have been reported 

10 in the core, or capsid, protein [Hose in et al. (1991) 
Proc. Natl. Acad. Sci. USA 88:3647; UBI HCV EIA Product 
Insert (1990); OJcamoto et al. (1990) Jap. J. Exp. Med. 
60:223; U.S. Patent No. 5,106,726; Takahashi et al. 
(1992) J. Gen. Virol. 73:667; Kotwal et al. (1992) Proc. 

^ Natl. Acad. Sci. USA 89:4486]; in the envelope, NS-1, 
NS-2 and NS-3 proteins [Wang et al., EP 0468527, 
published Jan. 29, 1992]; NS-4 protein (Houghton (1989); 
Kuo £i- (1989) Science 244:362; U.S. Patent No. 
5,106,726] and NS-5 protein JMaeno et al. (1990) Nucleic 

20 Acic * s Re 5 * 18:2685; Wang (1992)]. 

In addition to HCV-derived antigens, there 
exist other NANBH-associated antigens that appear to be 
encoded by a host cellular sequence. One such antigen, 
known as the GOR epitope, is reactive with sera from 

2^ individuals who are PCR positive for HCV [Mishiro et al. 
(1990) Lancet 336:1400]. 

Serological validation has been used to map 
epitopes within certain HCV antigenic regions as 
described in Wang (1992) and U.S. Patent No. 5,106,726, 
each of which is incorporated herein by reference. 
These mapping studies employed synthetic peptides to 
screen well -characterized NANBH serum panels and 
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■y permitted identification of strong HCV antigens. 
Further refinement of the epitope analysis using 
serological validation techniques has led to the 
discovery that small clusters of amino acid residues 
^ contained within longer branched peptides or fusions of 
peptides containing one or more epitopes from separate 
regions of the HCV genome provide a superior and more 
sensitive assay for diagnosis and detection of NANBH 
carriers as well as for HCV infection. Hence, the 
iQ present invention permits earlier detection of NANBH 
seroconversion and shows improved specificity, for 
example, fewer false positive serum samples are 
detected. 

The present invention relates to branched 
^ synthetic peptides for the diagnosis and detection of 
NANBH and HCV Infection. In particular the subject 
peptides are provided as a peptide composition having at 
least one branched peptide represented by the formula 
( peptide ) 2 X 
20 ( peptide ) 4 X 2 X 

( peptide ) 8 X 4 X 2 X 
(peptide) 16 X fl X 4 X 2 X 
where X is an amino acid or an amino acid analog having 
two amino groups and one carboxyl group with each group 
2^ being capable of forming a peptide bond linkage, and 
where the peptide moiety comprises at least one epitope 
which is specifically immunoreactive with antibodies 
against HCV. The peptide moiety further comprises at 
least one cluster of from about 3 to about 20 contiguous 
amino acids from the sequences: 
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^ Gly-Cys-Ser-Gly-Gly-Ala-Tyr-Asp-Ile-Ile-Ile-Cys-Asp-Glu-Leu 
His-Ser-Thr-Asp-Ala-Thr-Ser-Ile-Leu-Gly-Ile-Gly-Thr-Val-Leu 
Asp-Gln-Ala-Glu-Thr-Ala-Gly, <Pep3; SEQ ID NO:l), 

^ Phe-Thr-Phe-Ser-Pro-Arg-Arg-His-Trp-Thr-Thr-Gln-Gly-Cys-Asn 
Cys-Ser-Ile-Tyr-Pro-Gly-His-Ile-Thr-Gly-His-Arg-Met-Ala-Trp 
Asp-Met-Met-Met-Asn-Trp-Ser-Pro-Thr-Ala, (Pep8; SEQ ID 
NO:2), 

Glu-Ile-Leu-Arg-Lys-Ser-Arg-Arg-Phe-Ala-Gln-Ala-Leu-Pro-Val 
Trp-Ala-Arg-Pro-Asp-Tyr-Asn-Pro-Pro-Leu-Val-Glu-Thr-Trp-Lys 
Lys-Pro-Asp-Tyr-Glu-Pro-Pro-Val-Val-His-Gly-Cys-Pro-Leu-Pro 
Pro-Pro-Lys-Ser-Pro-Pro-Val-Pro-Pro-Pro-Arg-Lys-Lys-Arg-Thr 
(Pepll; SEQ ID NO: 3), 

15 

Glu-Ile-Pro-Phe-Tyr-Gly-Lys-Ala-Ile-Pro-Leu-Glu-Val-Ile-Lys- 
Gly-Gly-Arg-His-Leu-Ile-Phe-Cys-His-Ser-Lys-Lys-Lys-Cys-Asp- 
Glu-Leu-Ala-Ala-Lys-Leu-Val-Ala-Leu, (Pepl8; SEQ ID NO:4), 

2Q Pro-Val-Val-Pro-Gln-Ser-Phe-Gln-Val-Ala-His-Leu-His-Ala-Pro- 
Thr-Gly-Ser-GIy-Lys-Ser, (Pep25; SEQ ID NO: 5) 

Ser-Gly-Iiys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg- 
Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
2 ^ Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-I*ys-Gln-Lys-Ala-Leu- 
Gly-Leu, (IIH; SEQ ID NO: 6), 

Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg- 
Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile, 
30 (HID; SEQ ID NO: 7), 
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j Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala 
Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu 
Thr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe, (V; SEQ ID NO:8), 

^ Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn 
Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val 
Gly-Gly-Val -Tyr-Leu -Leu -Pro- Arg-Arg-Gly-Pro-Arg-Leu -Gly- Val 
Arg-Ala-Thr-Arg-Lys~Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg 
Arg, (VIIIE; SEQ ID NO:9), 

10 

As n -Asp- Arg-Val -Val-Val - Ala-Pro-Asp-Arg-Glu- I le-Leu -Tyr-Glu 
Ala-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ala-Ser-Lys-Ala-Ala-Leu-Ile 
Glu-Glu-Gly-Gln-Arg-Met-Ala-Glu-Met-Leu-Lys-Ser-Lys-Ile-Gln 
Gly-Leu, (PepA; SEQ ID NO: 10), 

or a sequence corresponding to one of these sequences 
which is from a corresponding region in a strain or 
isolate of HCV. Moreover, when the peptide moiety 
comprises two or more clusters, the clusters are joined 

20 by a linking group or when the clusters each have a 
sequence from a different one of the above sequences, 
then the clusters can be joined directly or joined by a 
linking group. 

When the peptide moiety contains sequences 

2^ from different ones of the above sequences, such 

peptides are referred to as hybrid peptides. Hybrid 
peptides can but do not necessarily contain clusters. 
Clusters in hybrid peptides can be joined directly or by 
linking groups. In the hybrid peptides, the length of 
contiguous amino acids from each of the sequences can be 
up to about 60 residues. 
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Another aspect of the invention provides a 
method of detecting antibodies to HCV or diagnosis of 
HCV infection or NANBH by using an immunoef f ective 
amount of the subject peptide composition in an 
^ immunoassay procedure, and particularly in an ELISA 
procedure, or a passive hemagglutination (PHA) assay. 
Immunoassays and kits for the detection and diagnosis of 
NANBH and HCV infection are also provided. 

In accordance with the present invention, 
extensive epitope analysis led to the refinement and 
further definition of epitopes that are useful in the 
detection and diagnosis of NANBH and HCV infection. 
This analysis has established that effective diagnostic 
peptides for NANBH or HCV infection are branched, 
synthetic peptides which are hybrids of peptides 
containing one or more HCV epitopes from different 
peptides, also referred to herein as hybrid peptides. 
Moreover, the peptides of this invention also include 
branched synthetic peptides having at least one epitope 

2o which is specifically immunoreactive with antibodies 
against HCV and having a peptide moiety which comprises 
one or more clusters of about 3 to about 20 contiguous 
amino acids from the peptides designated as Pep3, Pep8, 
Pepll, Pepl8, Pep25, IIH, HID, V, VIIIE, PepA, or a 

2^ homologous peptide from a corresponding region in 

another strain or isolate of HCV, In addition, when the 
peptide moiety of these peptides, also referred to 
herein as cluster peptides, contain two or more 
clusters, then the clusters are joined by a linking 

30 group. The linking group consists of, but is not 

limited to, one or more naturally occurring amino acids, 
one or more unnatural amino acids, or one or more amino 
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j acid analogues which can form peptidyl bonds (or' 
peptidyl-like bonds) and are stable to the conditions 
employed during peptide synthesis. In the case of 
hybrid peptides that contain clusters, the clusters can 
^ be joined directly or can be joined by a linking group. 

The sequences of the peptides subjected to 
detailed epitope analysis, and from which the peptide 
moieties of the subject branched peptides are derived, 
are set forth above and are the sequences designated as 

1Q Pep3, Pep8, Pepll, PeplB, Pep25, IIH, HID, V, VIIIE and 
PepA or a homologous peptide from the corresponding 
region in another strain or isolate of HCV, and 
analogues and segments thereof. 

As used herein a "cluster" is a sequence from 
3 to about 20 contiguous amino acids from one of the 
peptide sequences described herein' or an analog or 
segment thereof. In a preferred embodiment, a cluster 
has a sequence of 3 to 9 contiguous amino acids. 

The branched hybrid and cluster peptides of 

2q the present invention including their analogues and 
segments are useful for the detection of antibodies to 
HCV in body fluids, the diagnosis of NANBH , and for the 
vaccination of healthy mammals, particularly humans, to 
stimulate the production of antibodies to HCV, including 

2^ neutralizing or protective antibodies. 

The subject branched peptides can comprise 
combinations or segments , i.e., longer or shorter 
peptide chains by having more amino acids, including 
unnatural amino acids, added to the terminal amino 

30 acids, or by having amino acids removed from either 
terminal end. For example, the sequence KKK (Lys-Lys- 
Lys) can be added to the amino terminus of peptides. 
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^ Similarly, an M (methionine) residue can be placed at 
the carboxy terminus of th p ptide moiety, i.e. between 
the peptide moiety and the branch structure. 

As used herein "segments" means a shorter 

^ region of a parent peptide which retains an epitope 

effective in detecting NANBH-associated antibodies* For 
example, C10A is a segment of VIIIE, its parent peptide. 
A segment can be derived from either end of its parent 
peptide or from an internal sequence of its parent 
10 peptide. 

The subject branched peptides can also 
comprise analogues thereof to accommodate strain-to- 
strain variation among different isolates of HCV or 
other substitutions in the prescribed sequences which do 

^ not effect immunogenic! ty of the epitope. HCV is 

indicated to have frequent mutations. Several variant 
strains/isolates are known to exist, such as PT f J, Jl 
and J4 [Houghton, 1989; Okamoto, 1990; Houghton, 1990; 
and Kato, 1990] and it is expected that other variant 

2Q strains also exist. Adjustments for conservative 

substitutions and selection among the alternatives where 
non-conservative substitutions are involved, can be made 
in the prescribed sequences . The analogues of the 
branched synthetic peptides, especially the hybrid 

25 peptides, can therefore comprise substitutions, 

insertions and/or deletions of the recited amino acids 
of the above sequence to accommodate the various 
strains, as long as the immunoreactivity recognizable by 
the antibodies to HCV is preserved. The substitutions 

g 0 and insertions can be accomplished with naturally- 
occurring amino acids, unnatural amino acids or amino 
acid analogues capable of forming peptidyl bonds or 
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^ peptide-like bonds (e.g., peptide thiol analogues). 
Analog peptides in accordance with this invention are 
synthesized and tested against an HCV serum panel to 
determine the immunoreactivity of the peptide as 
^ described hereinbelow. 

Further, with appropriate amino acid 
modification or substitutions, it is expected that 
various peptide analogues based on the prescribed amino 
acid sequences can be synthesized with properties giving 
rise to lower background readings or better binding 
capacity to solid phases useful for HCV antibody 
screening assays. In particular, peptides containing 
unnatural amino acids can significantly reduce 
background readings. 

The subject branched peptides can also be used 
to form conjugates, i.e., the peptides can be coupled 
directly or indirectly, by methods known in the art, to 
carrier proteins such as bovine serum albumin (BSA), 
human serum albumin (HSA), or to red blood cells or 
2 Q latex particles. 

As used herein, natural amino acids are the 20 
amino acids commonly found in proteins (i.e. alanine, 
aspartic acid, asparagine, arginine, cysteine, glycine, 
glutamine, glutamic acid, histidine, isoleucine, 
2^ leucine, lysine, methionine, phenylalanine, proline, 

serine, threonine, tyrosine, tryptophan and valine). As 
used herein the natural amino acids also include the D- 
and L- forms of such amino acids. 

As used herein "unnatural amino acids" include 
^0 both D- and I*- forms of any other amino acids whether 
found in a protein, whether found in nature or whether 
synthetically produced. Unnatural amino acids can 
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include, but are not limited to, 15-alanine, ornithine, 
norleucine, norvaline, hydroxyproline, thyroxine, gamma- 
amino butyric acid, homoserine, citrulline and the like. 

The branched peptides of the present invention 
^ are represented by one of the formulae: 

(peptide) 2 X 

(peptide) 4 X^X 

< peptide ) 8 X 4 X 2 X 

( peptide ) 16 X 8 X 4 X 2 X 
wherein X is an amino acid or an amino acid analog 
having two amino groups and one car boxy 1 group, each 
group capable of forming a peptide bond linkage. 
Preferably X is lysine or a lysine analog such as 
ornithine. The amino acid analog can be an a -ami no 
2^ acid, a Jl-amino acid, or any other either natural or 
non-natural amino acid with two amino groups and one 
carboxyl group available for forming peptide bonds. 
Preferred branched peptides of the invention are dimers, 
tetramers and octamers, especially those having a 
20 branching core structure composed of lysine, i.e. where 
X is lysine. Branched dimer are especially preferred. 

The peptide moiety of the branched peptides 
can vary in length from about 10 to about 100 amino 
acids residues. Preferably the peptide moieties contain 
2^ about 17 to about 60 amino acid residues. Moreover, the 
hybrid and cluster peptide moieties can be optimized to 
the minimal overall length necessary to contain an 
epitope effective in detecting NANBH-associated 
antibodies yet still retain the superior sensitivity and 
3q selectivity of the present invention. 
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The preferred branched peptides of the* present 
invention are provided in Table 1. The source of each 
peptide is provided in Table 2. 
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TABLE 1 
BRANCHED PEPTIDES"' 1 * 



10 



HYBRID PEPTIDES WITH OR WITHOUT CLUSTERS 

Bl YEPPWHCCPLPPPKSPPVPPPRKKOTI JPDRn^VPETOEMErcSQHLPYIPKPQRWWWlTJRRPQIJVKrPGCOQIVO-DIM ' 

H2A LYREFPEMEDCSQHIJYIPA^KKXRHNIVHHPWPVKFPGGGTIIVGM-OCT 

B2B POREI LYyEFDBHEDCSQHLPYIPKFWRK'lTiKB 1VHR F H U V B± POUUNIVGM-OCT 

B2C I IPDREI LYREFDEMEDCSQHLP Y I PKPHKKlTRflT5KRPHDVKFPGKCHIVGH-OCT 

B2CK X XPtttffiXLYREFDEMEDCSQRLP TSPKPHHKTRIWIQRRPtlEfVKFPGCOIIlVGK-OCT 

B2D SGKPAI IPDREILTREFDStEDCSQHLPYlPICFNraCIiawiQRRPinTVKP^ 

H2DK 88KPAIIPD^ILYREn)EMEDC8QaiJ > TIPM^HKTJWriVroU^WfU' PU 8OTIVCT-OCT 

H3 GCSGCTYD 2 1 1 CDELHSTDATS rVGI OTILOQAETAQRHLIFCHTXKKCDKLASKLVAIX»4--OCT 

B4A YBF«VVBCIRHLIPCRTKKm)BXA8KLVM^'OCT 

H4B PLVM V I ^U ](KF yV VBGRHLIFTOIKKKeDBXASia>VMiCH-OCT 

3-5 H6A ISQOMIAEHFKQltAl^PRRaPI^^ 

H6B 8CKPAI if BHB V lt^tftCAEWFKQpai^aJTOGHa 

B7 fiCKPTIIPDRBIl»YRBn)EKEDCSQHIJ^ID0G>flIAHfFKOKALGLV^ 

3KH7 nU^OOTnroraiLYRBFDEKnxZSq^^ 
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25 



30 



CLUSTER PEPTIDES 

CIA IIPDREILYRETDEHBDCSQHLPYI-DIM 

C1B 8SKPA1IPDREHYREFDEMEDCSQHLPYI-DIM 

C2* PLVEWKRPDYEPPWH-OCT 

C2B PLVEntKKFDYXVFVVH-OCT 
C3 KraSCT^IPDREIlYHETOQtEDCSQmjYIDQ^ 
C4 KKR IPKPWtaTjudTTQRHPTOVKFPCGGll IVGGVYLVPIUWPra^ilWlWl'JEHSQPRGHB -DIM 

C5A DCSQHLPYIDQCMHLA-DIM 

CSB ILYRBFPSHEDCSQBLPyiDQGHHLA-DIH 

C5C EGKPTIIPDREILYREFDEKEDCSQHIiPYIDQGMKLA-DIK 

3KC5C KKKSGKPTIIPDREILYRKFDOffiDCSQHLPYIDQGMMLA-DIH 

C6A PLVETWKKPEYEPPWH-DIM 

C6B PLVETWKKPEYKPPWH-OCT 
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C7fc 

C7B 

C7C 

3KC7C 

CBA 

C8B 

cec 

CSA 

C9B 

C10A 

ClOB 

3KC10B 



-13- 

CSQRvpTl£QCHlLABQPltQMvGL-DIM 
LTRBFDElEECSQflvPriEQG«lLAEOF73QKAvGl-DIM 
SGKPAvIPDREvLyREn>ElEECSQHvPTIEQ041LAEQFKQKAvGL-DIM 
KKKSGKPfcvIPDBEvLTBEFDElEBCS^fivPYIECGHUAEQnCQKhvGL-PIM 

DTEPPWH-DIM 
PLVETWKKpOYEPPWH-DIM 
PLVETWltoTOYEPPWB DIM 
CRHLIvCHSKKKCDElAAKLVALO-DIH 
KIPFYGKAvPLEvIKCCRHLIvCHSKKKCDElAAKLVALG-DIM 
roBI>vKFPGGCTlvGOVTljVPWttn^GLRATHKTrKRSQl«GBH-D3M 
IPKPHRKTlWOTQfWPllDvKITa^ 
ICXKIPKPWttniTOnVRRFNDvKFP©?^ 
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Abbreviations: The amino acid sequences are provided In one letter code except that 
unnatural amino acids are indicated by: v, nerval ine; 1, norleuclne; p, hydroxyproline; o, 
ornithine, other abbreviations ore DIM, lysine diner; OCT, lysine octane r. 

The branched core for these peptides is composed of lysine residues, e.g., 1 lysine for 
diner peptides and 7 lysines far octaeer peptides. 
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TABLE 2 

SOURCE OF HYBRID AND CLUSTER BRANCHED PEPTIDES 



Source Peptide 



Branched Peptides from Tabl 1 



Pepll 
Pepl8 
IIH 
25 HID 
VIIIE 

Pep3 + Pep 18 
Pepll + Pepl8 
Pepll + HID + VIIIE 
IIH +VIIIE 
HID + VIIIE 



C2A,C2B,C6A,C6B,C8A,C8B,C8C 

C9A,C9B 

C3 , CSA , C5B , CSC , 3KC5C , C7A ,C7B, C7C , 3KC7C 

C1A,C1B 
C4,C10A,C10B,3KC10B 

H3 

H4A,H4B 
HI 

H6A,H6B,H7 , 3KH7 
H2A ,H2B, H2C , H2CK , H2D , H2 DK 
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1 The peptide compositions of the present 

invention can be composed of one or more of the branched 
hybrid peptides, branched cluster peptides or any 
combination of such peptides. Preferably such 
compositions contain from one to 10 branched peptides, 
and even more preferably from one to four branched 
peptides. 

In a preferred embodiment, the peptide 
compositions of the present invention can be a mixture 
^ of branched peptides (1) C3 dimer, C9B dimer, C6A dimer 
and 3KH7 dimer; (2) 3K204h dimer, C4 dimer, C2B octamer; 
(3) C4 dimer, C9B dimer, C6A dimer and H7 dimer; or (4) 
3KH7 dimer, C6A dimer and C4 dimer. The effective ratio 
of peptides for diagnosing or detecting NANBH or HCV 
present in peptide compositions containing mixtures of 
the subject peptides can be readily determined by one of 
ordinary skill in the art. Typically, these ratios 
range from about 1 to about 50 on a per weight basis of 
peptide. 

2Q An especially preferred peptide composition 

for diagnosis and detection of NANBH or HCV infection is 
mixture (1), branched peptides 3KC10B dimer, C9B dimer, 
C6A dimer and 3KH7 dimer in a weight ratio of 5:15:1:25. 
To determine the efficacy of the subject 

2 ^ peptides in detecting and diagnosing NANBH and HCV 
infection, the peptides are tested for their 
iramunoreactivity with special specimens previously 
selected through the screening of thousands of patient 
and normal sera for immunoreactivity with HCV. Such 
serum panels are commercially available and examples 
thereof are provided in the Examples. 
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^ The strategy for serological validation 

depends on the expected characteristics of the targ t 
epitopes. For example, universal immunodominant 
epitopes, such as the gp41 transmembrane peptide of HIV- 
^ 1, can be screened by a single representative serum 
sample from a patient known to be infected with the 
virus. Epitopes that are not recognized by all infected 
individuals, or those for which antibody is produced 
late or only transiently, and especially epitopes which 

^ 0 give rise to neutralizing antibodies, must be screened 
by large panels of sera. While both methods of 
screening can be employed in the present invention to 
refine the epitope analysis of HCV using the subject 
peptides, the latter method is particularly useful in 

^ assessing the subject peptides for superior selectivity 
and sensitivity. 

The identification of the immunoreactive 
epitopes is also dependent on the panel of sera used. 
The more closely the panel represents the population 

2Q most likely to be seropositive for an epitope, the 

greater the chance that the epitope will be identified 
and thoroughly mapped. Hence, to extend the range of 
reactivity of an assay comprised of previously 
identified epitopes, a large number of samples from 

2^ individuals at risk of infection but seronegative 

against known epitopes should be employed for screening. 

The process of "serological validation" is 
particularly difficult when the epitopes to be 
identified elicit antibodies only in a subpopulation of 

30 an infected patient group- When such epitopes become 
targets for identification, special attention must be 
paid to synthetic peptides which show very weak 
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^ reactivity when tested by an enzyme immunoassay or any 
other immunological testing method. 

In this regard, the low background absorbance 
of synthetic peptides, especially peptides with 

^ unnatural amino acids, allows for the precise detection 
of weak reactivities. In some cases, absorbances of 50 
mA versus background reading are of sufficient 
significance and can lead to the identification of 
important epitopes through successive refinement of the 
^ 0 amino acid sequence of a peptide. With good laboratory 
practices, consistent and reliable results can be 
obtained when working in the range of absorbances below 
200-300 mA. 

The advantages of using synthetic peptides are 

^ known. Since the peptides not derived biologically from 
the virus, there is no danger of exposure to a disease 
causing pathogen. The peptides can be readily 
synthesized using standard techniques, such as the 
Merrifield method of synthesis (Merrifield (1963) J. Am. 

20 Chem. Soc. 85:2149-2154 ]. Hence, there is no 

involvement with HCV at any time during the process of 
making the test reagent. Another problem which can be 
minimized by using peptides rather than recombinantly 
expressed proteins (or peptides) is the rate of false 

25 positive results caused by the presence of antigenic 
material co-purified with the HCV fusion protein. For 
example, certain normal individuals have antibodies to 
Escherichia coli or yeast proteins which are cross 
reactive with the antigenic materials from the 

30 expression system used in recombinant-based diagnostic 
tests . Sera from such normal individuals show a false 
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^ positive reaction in such immunoassays which is - 
eliminated in immunoassays of the present invention. 

Moreover, because the peptide compositions of 
the present invention are synthetically prepared, the 
^ quality can be controlled and as a result, 

reproducibility of the test results can be assured. 
Also i since very small amounts of a peptide are required 
for each test procedure, and because the expense of 
preparing a peptide is relatively low, the cost of 

10 screening body fluids for antibodies to HCV and the 
diagnosis of NANBH infection is relatively low. 

The peptides and peptide compositions prepared 
in accordance with the present invention can be used to 
detect HCV infection and diagnose NANBH by using them as 

^ the test reagent in an enzyme- linked immunoadsorbent 
assay (ELISA), an enzyme immunodot assay, a passive 
hemagglutination assay (e.g., PHA test) or other 
well-known immunoassays. In accordance with the present 
invention, any suitable immunoassay can be used with the 

2q subject peptides. Such techniques are well known to the 
ordinarily skilled artisan and have been described in 
many standard immunology manuals and texts, see for 
example, by Harlow et al. (1988) Antibodies; A 
Laboratory Manual , Cold Spring Harbor Laboratory Press, 

2^ Cold Spring Harbor, NY, 726 pp. In a preferred 

embodiment, the immunoassay is an ELISA using a solid 
phase coated with the peptide compositions of the 
present invention. ELISA techniques are well known in 
the art. In another preferred embodiment the 
immunoassay is a PHA assay. 

The immunoassays of the present invention are 
used to screen body fluids and tissues for the presence 
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^ of NANBH or HCV and thereby to detect such agents and 
aid the practitioner in diagnosis of NANBH or HCV 
infection. The body fluids which can be subjected to 
such screening include blood and blood fractions (e.g. 
^ serum), saliva, or any other fluid which contains 
antibodies against HCV. 

Another aspect of the present invention is 
directed to a kit for the detection and diagnosis of 
NANBH or HCV infection in mammalian body fluids (e.g. 
serum, tissue extracts, tissue fluids), in vitro cell 
culture supernatants, and cell lysates. The kit can be 
compartmentalized to receive a first container adapted 
to contain one or more of the peptides (i.e. a peptide 
composition) of this invention. 

25 Preferably the kit of this invention is an 

ELISA or a PHA test kit for detection or diagnosis of 
NANBH or HCV infection. For an ELISA test kit, the kit 
contains (a) a container (e.g., a 96-well plate) having 
a solid phase coated with one of the subject peptide 

2Q compositions; (b) a negative control sample; (c) a 
positive control sample; (d) specimen diluent and (e) 
antibodies to human IgG, which antibodies are labelled 
with a reporter molecule. If the reporter molecule is 
an enzyme, then the kit also contains a substrate for 

25 said enzyme. 

In an exemplified use of the subject kit, a 
sample to be tested is contacted with a mammalian body 
fluid, diluted in sample diluent if necessary, for a 
time and under conditions for any antibodies, if 

3q present, to bind to the peptide contained in the 

container. After removal of unbound material (e.g. by 
washing with sterile phosphate buffered saline), the 
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^ secondary complex is contacted with labelled antibodies 
to human IgG. These antibodies bind to the secondary 
complex to form a tertiary complex and, since the second 
antibodies are labeled with a reporter molecule, when 

^ subjected to a detecting means, the tertiary complex is 
detected. The reporter molecule can be an enzyme, 
radioisotope, fluorophore, bioluminescent molecule, 
chemi luminescent molecule, biotin, avidin, streptavidin 
or the like. For ELISA the reporter is preferably an 
^ Q enzyme . 

The examples serve to illustrate the present 
invention and are not to be used to limit the scope of 
the invention. 



15 



20 



25 



30 



EXAMPLE 1 

Detection of antibodies 
to the core region of HCV in early 
seroconversion sample using branched cluster peptides 

The wells of 96 -well plates were coated 
separately for 1 hour at 37° with 1 //g/ml of peptide 
using 100 /jL per well in lOmM NaHC0 3 buffer, pH 9.5, for 
each of two branched peptides from the core region of 
HCV (peptide C4, Table 1; and test peptide Tl related to 
VIIIE and having the sequence 

KKKI PKPQRKTKRNTNRRPQDVKFPGGGQI VGGVYLLPRRGPRLGVRATRKTSERS 
QPRGRR-DIM 

The peptide -coated wells were then incubated 
with 250 j/L of 3% by weight of gelatin in PBS in 37°C 
for 1 hour to block non-specific protein binding sites, 
followed by three washes with PBS containing 0.05% by 
volume of TWEEN 20 and then dried. The test specimens 
containing HCV antibody positive patient sera were 
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diluted with PBS containing 20% by volume normal goat 
serum, 1% by weight gelatin and 0.05% by volume TWEEN 20 
at dilutions of 1:20 volume to volume, respectively. 
200 pL of the diluted specimens were added to each of 
^ the wells and allowed to react for 15 minutes at 37°C. 

The wells were then washed six times with 
0.05% by volume TWEEN 20 in PBS in order to remove 
unbound antibodies. Horseradish peroxidase conjugated 
goat anti-human IgG was used as a second antibody tracer 
to bind with the HCV antibody-peptide antigen complex 
formed in positive wells. 100 tfL of peroxidase labeled 
goat anti-human IgG at a dilution of 1:1800 in 1% by 
volume normal goat serum, 0.05% by volume TWEEN 20 in 
PBS was added to each well and incubated at 37 °C for 

2g another 15 minutes. 

The wells were washed six times with 0.05% by 
volume TWEEN 20 PBS to remove unbound antibody and 
reacted with 100 piL of the substrate mixture containing 
0.04% by weight orthophenylenediamine (OPD) and 0.12% by 

2q volume hydrogen peroxide in sodium citrate buffer, pH 
5.0. This substrate mixture was used to detect the 
peroxidase label by forming a colored product. 
Reactions were stopped by the addition of 100 j/L of 1.0M 
H 2 S0 4 and the A 492 nm measured. 

25 The sensitivity of these two peptides in 

detecting antibody to the core region was tested with a 
seroconversion panel in which the earliest antibody 
response is known to be against core (Serologicals Panel 
4813, Donor 02190D as referenced in U.S. Patent No. 

g 0 5,106,726; early core response as referenced in Hosein, 
1991). The bleed date chosen for comparison was August 
30, 1988. The optical density obtained with peptide C4 
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^ was 0.320 and with Tl, 0.512. Both peptides were more 
sensitive than the linear peptide VI I IE with three 
lysine residues at its N terminus when coated at the 
same concentration, in which case the absorbance on the 

^ same sample was 0.075. 

EXAMPLE 2 

Branched hybrid peptides confer improved sensitivity and 
specificity relative to the individual peptides 

2o Tne immunoreactivity of branched hybrid 

peptide 3KH7 (Table 1) containing an epitope from the 
NS-4 and core regions of HCV was tested on panel 3 
containing 41 known NANBH samples using the ELISA assay 
format as described in Example 1. Table 3 shows that 
this hybrid peptide retained the reactivity of both the 
NS-4 and the core regions as compared to octaraer T2 
(related to VIIIE) from the core region only and peptide 
T3 (SEQ ID NO: 11; related to IIH) from the NS-4 region 
only. Furthermore, sample 3-35 showed improved 

2q reactivity with the hybrid peptide relative to either 
single region peptide. 

The specificity of the hybrid peptide 3KH7 was 
tested on a panel of 48 random blood donor samples 
screened negative for antibodies to HCV. Only one of 

25 the negative samples had an absorbance greater than 

0.2O0 A with the hybrid peptide, whereas twenty percent 
of these samples had absorbance values greater than 
0,200 A with the octamer T2. Branched cluster peptide 
C3, containing an epitope from the NS-4 region but 

30 lacking the core epitopes, gave absorbance values 
greater than 0.200 A on 5/48 negative samples. 
Therefore the combination of epitopes from the two 
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^ regions as presented in the hybrid peptide resulted in 

improved specificity for detection of NANBH. 



Table 3 



5 



HCV 


492mn 


(pos/neg) 




Positive 
Sample* 














3KH7 


T2 b 


T3 b 


3-2 


0.491<+) 


0.068{-) 


0.756(+) 


3-10 


1.164(+) 


0.027(-) 


1.857(+) 


3-21 


2.576(+) 


0.095(-) 


2.226(+) 


3-32 


1.653(+) 


1.188(+) 


2-236(+) 


3-35 


2.303{+) 


0.800(+) 


0.324(+) 


3-39 


1.441<+) 


0.486(+) 


1,676(+) 


3-7 


1.118(+) 


3.229(+) 


0.582(+) 


3-8 


0.696(+) 


1.860(+) 


0.003(-) 


3-9 


1.408<+) 


2.797(+) 


0.163(-) 


3-12 


1.870(+) 


0.328(+) 


0.037(-) 


3-26 


1>607(+) 


3.233(+) 


0.355(+) 



The remaining samples in panel 3 were negative on 
all peptides or showed no improvement in using the 
branched hybrid peptide compared with the test 
peptides . 

20 b The sequences of control peptides T2 and T3 are, 

respectively, VKFPGGGQIM-octamer and 



KKKSGKPAI I PDREVLYREFDEMEECSQHt»PYIEQGMMLAEQFKQKAI#GL . 



EXAMPLE 3 

Comparison of sensitivity and specificity in detection 
of NANBH-associated antibodies in branched cluster 
peptides with unnatural amino acids linking groups 

The immunoreactivity of branched cluster 
peptide C10B (Table 1) from the core region with 
clusters separated by unnatural amino acids was compared 
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with a similar peptide Tl (Example 1) lacking such 
unnatural amino acids, using panel 3 samples in an ELISA 
assay format as described in Example 1. Table 4 
illustrates seven samples in which the absorbance for 
^ the peptide containing unnatural amino acids was higher 
than for the corresponding peptide lacking unnatural 
amino acids, i.e, branched peptide C10B was more 
sensitive than Tl. The specificity of these two 
peptides was equivalent with 0/4B negative samples 

10 having absorbance readings greater than 0.200 A. 

The immunoreactivity of branched cluster 
peptide C8C (Table 1) from the NS-5 region of HCV having 
clusters separated by unnatural amino acids was compared 
with the corresponding branched peptide lacking 
unnatural amino acids (C6A dimer; this peptide has 
clusters separated by natural amino acids; Table 1). 
Both peptides detected 18/41 samples from panel 3 as 
positive. Table 5 shows six samples in which the 
absorbance with the peptide containing unnatural amino 

2q acids was higher than for the corresponding peptide 
lacking unnatural amino acids. 

Table 6 shows four reactive samples from panel 
3 in which peptide 3KC7C (Table 1) had increased 
absorbance values compared to peptide C3 (Table 1), 

25 i.e., the presence of unnatural amino acids imparted 
greater sensitivity to the assay for detection of NANBH 
and HCV. 

Furthermore, a marked improvement in 
specificity, measured by the ELISA procedure as 
30 described in Example 1, was also obtained with branched 
cluster peptide 3KC7C from the NS-4 region of HCV having 
clusters separated by unnatural amino acids. With 
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2 peptide 3KC7C, 0/48 negative samples had absorbance 

values greater than 0.200 A, whereas 5/48 had absorbance 
values greater than 0.200 A with branched peptide C3 
which lacked unnatural amino acids but had natural amino 

^ acid separating the clusters. Specificity was also 
improved by addition of the unnatural amino acid in 
peptide C8C, in that only 1/48 negative random donor 
samples had absorbance readings greater than 0.200 A, 
compared with 2/48 for peptide C6A. 

Table 4 



15 



20 



HCV 
Positive 
Sample 8 



492ren 



C10B 



See Table 6 



Tl 



3-7 


2.451 


2.005 


3-8 


1.081 


0.873 


3-9 


2.665 


2.272 


3-12 


0.446 


0.352 


3-24 


2.378 


2.088 


3-25 


2.399 


1.555 


3-39 


1.289 


0.767 



25 



30 



HCV 
Positive 
Sample" 



Table 5 



492raa 



C8C 



See Table 6 



C6A 



3-1 


1.622 


1.246 


3-5 


2.130 


1.907 


3-11 


0.895 


0.782 


3-27 


2.710 


2.463 


3-33 


2.108 


1.763 


3-36 


2.236 


2.016 
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1 



5 



Table 6 


HCV 
Positive 
Sample* 






3KC7C 


C3 


3-7 
3-14 
3-29 
3-41 


0.389 
2.034 
1.561 
> 3.0 


0.350 
1.670 
1.350 
2.570 



* For Tables 4-6, the remaining samples 
in panel 3 were negative on both 
peptides or showed no improvement in 
10 using the branched hybrid peptide 

compared to the test or control peptides. 



EXAMPLE 4 

Improved NS-5 immunorereactivity conferred by a shorter 
branched branched peptide relative to its linear parent 
peptide 



A 17 residue branched oc tamer cluster peptide, 
C2A from the NS-5 region of HCV (Table 1), was able to 
detect antibody in all 23/4*1 samples from panel 3 that 
were reactive with its parent linear peptide T4, a 44 
residue peptide having the sequence 

ARPDYNPPLVETWKKPDYYYEPPWHGCPLPPPKSPPWPPRKKRT SEQ ID 
NO: 12). Table 7 shows five samples from panel 3 that 
exhibited higher absorbance values with peptide octamer 
C2A than with linear peptide T4. 
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Table 7 




HCV 
Positive 
Sample" 


a 

492 ro» 




T4 


C2A 


3-7 

3-11 

3-16 

3-26 

3-33 


0.742 
1.188 
3.139 
2.263 
2.118 


1,377 
1.815 
3.745 
2.527 
2.631 



10 8 The remaining samples in panel 3 were 

negative on both peptides or showed 
no improvement in using 17-mer compared 
with the 44-mer. 

15 EXAMPLE 5 

Earlier detection of NANBH-associated antibodies in a 
seroconversion panel using a mixture of branched 
peptides 

A mixture of dimer peptides, 3KC10B, 3KH7, C9B 
2 q and C6A (1, 5, 3, 0.25 ug/ml, respectively) was coated 
on wells of 9 6 -we 11 plates and assayed using the ELISA 
procedure described in Example 1. The sequence of each 
branched peptide is provided in Table 1. The 
sensitivity of this mixture was compared with that of 
2^ Format C peptides (described in EPO 0468527 A2 and 

consisting of peptides IIH, V and VIIIE coated at 5, 3 
and 2 jjg/ml, respectively) using seroconversion panel 
4813 described in Example 1, Table 8 shows that 
seroconversion samples were consistently positive on the 
3q mixture of peptides one week before antibody was 

detected by Format c. Earlier samples at bleed dates of 
August 9 and August 16, 1988 show fluctuation of 
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antibody response near the cutoff of the assay and 
indicate detection of passive antibodies from the 
transfusion of this patient that occurred Juiy 19, 1988. 



Table 8 



EIA Ratio 



Panel 



Donor 



Bleed Date 



ALT 
(u/L) 



Format C Mixture 



1 


02190D 


880809 


40.0 


0.108 


1.197 






880816 


32.0 


0.045 


0.899 






880823 


32.0 


0.025 


1.044 






880830 


180.0 


1.037 


1.197 






880928 


401.0 


7.193 


3.303 






881109 


NA 


10.185 


10.250 






881122 


NA 


9,770 


11.548 



10 



15 



Abbreviations: ALT = Alanine amino-transferase 
The composition of Format C and Mixture are described in 
Example 5 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: United Biomedical Inc. 

(ii) TITLE OF INVENTION: Novel Branched Hybrid and Cluster Peptides 

Effective in Diagnosing and Detecting Non-A 
Non-B Hepatitis 

(iii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: UNITED BIOMEDICAL INC, 

(B) STREET: 25 Davids Drive 

(C) CITY: Hauppauge 

(D) STATE: New York 

(E) COUNTRY: USA 

(F) ZIP: 11788 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: M. Lisa Wilson 

(B) REGISTRATION NUMBER: 34,045 

(C) REFERENCE/DOCKET NUMBER: 9055 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 516-273-2828 

(B) TELEFAX: 516-273-1717 

(C) TELEX: 
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(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Gly Cys Ser Gly Gly Ala Tyr Asp lie He He Cys Asp Glu Leu His 
15 10 15 

Ser Thr Asp Ala Thr Ser He Leu Gly He Gly Thr Val Leu Asp Gin 
20 25 30 

Ala Glu Thr Ala Gly 
35 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Phe Thr Phe Ser Pro Arg Arg His Trp Thr Thr Gin Gly Cys Asn Cys 
15 10 15 

Ser He Tyr Pro Gly His He Thr Gly His Arg Met Ala Trp Asp Met 
20 25 30 

Met Met Asn Trp Ser Pro Thr Ala 
35 40 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Glu lie Leu Arg Lys Ser Arg Arg Phe Ala Gin Ala Leu Pro Val Trp 
15 10 15 

Ala Arg Pro Asp Tyr Asn Pro Pro Leu Val Glu Thr Trp Lys Lys Pro 
20 25 30 

Asp Tyr Glu Pro Pro Val Val His Gly Cys Pro Leu Pro Pro Pro Lys 
35 40 45 

Ser Pro Pro Val Pro Pro Pro Arg Lys Lys Arg Thr 
50 55 60 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 amino acids 
(BJ TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Glu He Pro Phe Tyr Gly Lys Ala He Pro Leu Glu Val He Lys Gly 
15 10 15 

Gly Arg His Leu He Phe Cys His Ser Lys Lys Lys Cys Asp Glu Leu 
20 25 30 

Ala Ala Lys Leu Val Ala Leu 
35 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Pro Val Val Pro Gin Ser Phe Gin Val Ala His Leu His Ala Pro Thr 
15 10 15 

Gly Ser Gly Lys Ser 
20 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ser Gly Lys Pro Ala lie lie Pro Asp Arg Glu Val Leu Tyr Arg Glu 
1 5 10 15 

Phe Asp Glu Met Glu Glu Cys Ser Gin His Leu Pro Tyr lie Glu Gin 
20 25 30 

Gly Met Met Leu Ala Glu Gin Phe Lys Gin Lys Ala Leu Gly Leu 
35 40 45 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Ser Gly Lys Pro Ala He He Pro Asp Arg Glu Val Leu Tyr Arg Glu 
15 10 15 

Phe Asp Glu Met Glu Glu Cys Ser Gin His Leu Pro Tyr He 
20 25 30 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 40 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Lys Gin Lys Ala Leu Gly Leu Leu Gin Thr Ala Ser Arg Gin Ala Glu 
15 10 15 

Val lie Ala Pro Ala Val Gin Thr Asn Trp Gin Lys Leu Glu Thr Phe 
20 25 30 

Trp Ala Lys His Met Trp Asn Phe 
35 40 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 61 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Ser Thr lie Pro Lys Pro Gin Arg Lys Thr Lys Arg Asn Thr Asn Arg 
15 10 15 

Arg Pro Gin Asp Val Lys Phe Pro Gly Gly Gly Gin lie Val Gly Gly 
20 25 30 

Val Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala Thr 
35 40 45 

Arg Lys Thr Ser Glu Arg Ser Gin Pro Arg Gly Arg Arg 
50 55 60 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Asn Asp Arg Val Val Val Ala Pro Asp Arg Glu lie Leu Tyr Glu Ala 
15 10 15 

Phe Asp Glu Met Glu Glu Cys Ala Ser Lys Ala Ala Leu lie Glu Glu 

20 25 30 

Gly Gin Arg Met Ala Glu Met Leu Lys Ser Lys lie Gin Gly Leu 
35 40 45 

(2) INFORMATION FOR SEQ ID NO: 11: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Lys Lys Lys Ser Gly Lys Pro Ala lie lie Pro Asp Arg Glu Val Leu 
15 10 15 

Tyr Arg Glu Phe Asp Glu Met Glu Glu Cys Ser Gin His Leu Pro Tyr 
20 25 30 

lie Glu Gin Gly Met Met Leu Ala Glu Gin Phe Lys Gin Lys Ala Leu 
35 40 45 

Gly Leu 
50 

(2) INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Ala Arg Pro Asp Tyr Asn Pro Pro Leu val Glu Thr Trp Lys Lys Pro 
15 10 15 

Asp Tyr Tyr Tyr Glu Pro Pro Val Val His Gly Cys Pro Leu Pro Pro 
20 25 30 

Pro Lys Ser Pro Pro Val Pro Pro Pro Arg Lys Lys Arg Thr 
35 40 45 
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1 WE CLAIM: 

1. A peptide composition comprising at least 
one branched peptide represented by the formula 

( peptide ) 2 X 
5 { peptide ) 4 X 2 X 

( peptide ) e X 4 X 2 X 

(peptide) l6 X 8 X 4 X 2 X 
wherein X is an amino acid or an amino acid analog 
having two amino groups and one carboxyl group, each 
-^q group capable of forming a peptide bond linkage, and 

said peptide moiety comprises at least one 
epitope which is specifically immunoreactive with NANBH- 
associated antibodies, wherein said peptide moiety 
comprises at least one cluster of from about 3 to about 
20 contiguous amino acids selected from the group of 
sequences consisting of SEQ ID NOS: 1 to 10 (Pep3, Pep8, 
Pepll, Pepl8, Pep25, IIH, HID, V, VIIIE, PepA) and a 
sequence corresponding to one of said sequences which is 
from a corresponding region in a strain or isolate of 

20 H cv; 

when said peptide moiety comprises two or 
more clusters, said clusters are joined by a linking 
group, said linking group being at least one natural 
amino acid, unnatural amino acid, or amino acid analog, 
25 and when said two or more clusters have sequences from a 
different one of the above sequences, said clusters can 
be joined directly or can be joined by said linking 
group; and 

further wherein said peptide moiety comprises 
30 about 10 to about 100 amino acids. 

2. The peptide composition of Claim 1 
comprising a mixture of two or more of said peptides. 
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2 3. The peptide composition of Claim 1", 

wherein said peptide is conjugated to a carrier. 

4. The peptide composition of Claim 1, 
wherein said cluster comprises from 5 to 9 contiguous 

^ amino acids. 

5. The peptide composition of Claim 1 
wherein said peptide moiety further comprises a segment 
of one of said sequences. 

6. The peptide composition of Claim 1 

2Q wherein said sequence is the sequence designated as SEQ 
ID NO: 3 (Pepll) . 

7. The peptide composition of Claim 6 
wherein said peptide is C2A, C2B, C6A, C6B, C8A, C8B or 
C8C. 

25 B. The peptide composition of Claim 1 

wherein said sequence is the sequence designated as SEQ 

ID NO:4 (Pepl8). 

9. The peptide composition of Claim 8 

wherein said peptide is C9A or C9B. 
20 10. The peptide composition of Claim 1 

wherein said sequence is the sequence designated as SEQ 

ID NO: 6 (IIH) . 

11. The peptide composition of Claim 10 
wherein said peptide is C3, C5A, C5B, CSC, 3KC5C, C7A, 

25 C7B, C7C or 3KC7C. 

12. The peptide composition of Claim 1 
wherein said sequence is the sequence designated as SEQ 
ID NO:7 (HID) . 

13. The peptide composition of Claim 12 
30 wherein said peptide is CIA or C1B. 
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^ 14 . The peptide composition of Claim 1 

wherein said sequence is the sequence designated as SEQ 
ID NO: 9 (VIIIE) . 

15. The peptide composition of Claim 14 
5 wherein said peptide is C4 # C10A, C10B, or 3KC10B. 

16. A peptide composition comprising at 
least one branched hybrid peptide represented by the 
formula 

( peptide ) 2 X 
10 ( peptide ) 4 X 2 X 

< peptide ) 8 X 4 X 2 X 
(peptide) 16 X fl X 4 X 2 X 
wherein X is an amino acid or an amino acid analog 
having two amino groups and one carboxyl group, each 
jL^ group capable of forming a peptide bond linkage, and 
said peptide moiety comprises at least one 
epitope which is specifically immunoreactive with 
antibodies against HCV, wherein said peptide moiety 
comprises a first sequence from one of the following 
20 sequences and one or more additional sequences, each 
from a different one of said sequences, wherein said 
sequence is selected from the group of sequences 
consisting of SEQ ID NOS: 1 to 10 (Pep3, Pep8, Pepll, 
Pepl8, Pep25, IIH, HID, V, VIIIE, PepA), a sequence 
25 corresponding to one of said sequences which is from a 
corresponding region in a strain or isolate of HCV, an 
analog of one of said sequences, and a segment of one of 
said sequences; and 

further wherein said peptide moiety comprises 
20 about 10 to about 100 amino acids. 

17. The peptide composition of Claim 16 
wherein said sequences are the sequences designated as 
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^ SEQ ID NO:3, SEQ ID NO:7 and SEQ ID NO:9 (Pepll, IIID 
and VIIIE). 

18. The peptide composition of Claim 17 
wherein said peptide is HI. 
^ 19. The peptide composition of Claim 16 

wherein said sequences are the sequences designated as 
SEQ ID NO:l and SEQ ID NO:4 (Pep3 and Pepl8). 

20. The peptide composition of Claim 19 
wherein said peptide is H3. 
10 21. The peptide composition of Claim 16 

wherein said sequences are the sequences designated as 
SEQ ID NO: 3 and SEQ ID NO: 4 (Pepll and Pepl8). 

22. The composition of Claim 21 wherein said 
peptide is H4A or H4B. 
15 23. The peptide composition of Claim 16 

wherein said sequences are the sequences designated as 
SEQ ID NO:6 and SEQ ID NO:9 (IIH and VIIIE). 

24. The peptide composition of Claim 23 
wherein said peptide is H6A, H6B, H7 or 3KH7. 
2o 25. The peptide composition of Claim 16 

wherein said sequences are the sequences designated as 
SEQ ID KO:7 and SEQ ID NO:9 (IIID and VIIIE). 

26. The peptide composition of Claim 25 
wherein said peptide Is H2A, H2B, H2C, H2CK, H2D or 

25 H2DK. 

27. A peptide composition comprising 
peptides 3KC10B, C9B, C6A and 3KH7. 

28. A peptide composition comprising 
peptides 3KH7, C6A and C4 . 

30 29. A peptide composition comprising 

peptides C3, C4 and C2B. 
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•y 30. A peptide composition comprising ' 

peptides C4, C9B, C6A and 3KH7. 

31. A peptide of any one of Claims 1 to 30. 

32. A method of detecting NANBH- associated 
^ antibodies which comprises using an effective amount of 

a peptide composition according to any one of Claims 1 
to 30 in an immunoassay procedure. 

33. A method of detecting NANBH or HCV 
infection which comprises contacting an effective amount 

20 of a peptide composition of any one of Claims 1 to 30 
with a body fluid, tissue or tissue extract in an 
immunoassay procedure for a time sufficient to form a 
complex between said peptide composition and any 
antibody in said fluid, said tissue, or said tissue 
extract, and subjecting said complex to a detecting 
means . 

34. The method of Claim 32 or 33 wherein 
said immunoassay procedure is an ELISA or a PHA 
procedure • 

2o 35. A kit for detection or diagnosis of 

NANBH or HCV infection comprising a first container 
adapted to contain the peptide composition of any one of 
Claims 1 to 30. 

36. The kit of Claim 35 wherein said kit is 
25 an ELISA or PHA test kit. 

37. An ELISA test kit for detection and 
diagnosis of NANBH or HCV infection comprising 

(a) a container having a solid phase coated 
with the peptide composition of any one of Claims 1 to 

30 30 1 

(b) a negative control sample; 

(c) a positive control sample; 
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(d) specimen diluent; and 

(e) antibodies to human IgG, said antibodies 
labeled with a reporter molecule. 
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